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Controlling dot size In Image forming apparatus using lasers 



(54) 

(57) A method and apparatus to accurately control 

[32] within an array of lasers of an ^"canmr^ device 
30 is disclosed. The lasers [32] are drrven in accord- 
ance with image information indicating an. mage to be 
scanned onto the image bearing member. Ortoutmten- 
S feedback information from each of the lasers 132] » 
obtained by monitoring an intensity output fromeachol 
the lasers [32). using this feedback informaton. the driv- 



ing, energy values of the lasers [32] are adjusted to over- 
come any unwanted nonuniformities or otherwise 
calibrated. The invention is implemented, an jmage 
seanning/lorming apparatus "^^j™^™! 
to scan or print with an array of lasers P2] w*outbe.ng 
suscepfibleto streaks and other defectswhich otherwise 
occurduring the printing or scanning of an krage when 
all of the lasers [32] do not function in a uniform and con- 
sistent n 



RECEIVE IMAGE INFORMATION 



DRIVE CERT AM OF THE LASERS 
M ACCORDANCE WITH THE MADE 
INFORMATION 



MONITOR OUTPUT NTENSTY OATA 
FROM EACH OF THE LASERS 



ADJUST THE ENERGY VALUES 
ORJVNO THE CERT AN OF THE 
LASERS IN ACCORDANCE WITH THE 
MONITORED OUTPUT NTENSITY OATA 



FIG. 3 
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Description 

-me present invention relates to image forming 
devices and. more particularly, to laser-based image 
scanning devices having a plurality of tear* 

Conventionally, the lasers within an airayof taers 
are ail designed to have the same intensity output fo. -a 
givendriving voltage. However.when actual n™**£ 
ing of the semiconductor lasers takes place, diflerences 

the array AsTesult. the lasers within an array _ v«ll each 
have different intensity responses to a given dnvin ^ vott- 
agalheditferertirterertyresponses^lresuH.n^ck 

ofunHbrmHy among the lasers of the „ 
auence foragivenappned^ngvo«age.thespotepro- 
ducSythevarious lasers in the array will have different 

dse control of spot size amongst an array of lasers is 
.SvSewhic^kesstreatear^otherdefectsfi^y 
to occur in a scanned or printed image. 

^us. there is a need to precisely control the s.ze of 
spots produced by an array of lasers. . loAninilll 
Br^dlyspeaking.theirrve^kmisanovelt^ue 

to accurately control the size of the ^ „ 
duced by individual lasers within an array of lasers ^The * 
^vantage of such control is that the lasers with n the 
^^beop^atedinanun-formandoc^stenUT^n- 
ner. regardless of any physical, environmental or opera- 
tional norwniformities. . 

As a method, the invention controls an .mage scan- » 
ning device having a plurality of ^se^ such that spj 
produced on an image beanng member are of a pre- 
cisely controlled size. The method recedes .mage infor- 

bearing member, and drives the lasers * accontane* 
with the image information. Output intensityjeedb^ 
information from each of the lasers is obtained by mon- 

trts feedback information, the driving energy valuesof 
the lasers are adjusted to overcome any unwanted non- 

Unift ^Sr method Implementation of the Irwerrtion is 
primarily concerned with calibration of the lasers wrth an 
array of lasers tor an image f«nlng.pp-n** Tta 
method drives the lasers at come Predetermned 
and receives output intensity data from a fj**j£*» 
lasers by monitoring the lasers using photodetector 
units. Then, the output intensity data from ea* of the 

of lasers to produce companson information. Based on 
^^an^nintormatton.theplurarrtyofthelasersare 

then calibrated with one another . 

[The Invention can also be Implemented as an appa- 
ratus ^apparatus implementation of theinvent»n 
includes an array of surface emitting lasers and a scan- 
nTng system which combine to producejaser scan 
on ^surface of an image bearing member. Th ^ 
ratus also includes a monitoring means and a d<rtsize 
S unit The monitoring means operates to monitor 



intensity of each of the laser beams being \ 
the array ol lasers and to produce a feedback .ntensrty \ 
value for each of the laser beams. The dot size control 
unit controls the size of the spots produced by each , of 
the lasers by driving the lasers in accordance wrth the 
feedback intensity value associated therewith. 

Regardless of how the invention is implemented, an 
image scanning/orming apparatus utilizing the invention 
is able to scan or print with an array of laser* rwrthout 
being susceptible to streaks and other defects which oth- 
erwise occur during the printing or scanning of anirnage 
when all of the lasers do not function in a uniform and 
consistent manner. 

The present invention will be readily understood by 
the following detailed description of exemplary embodi- 
ments thereof, in conjunction with *e a^mpan^ng 
drawings, wherein like reference numeralsdes^nateOke 
structural elements, and in which: 



Rg.1 is a schematic diagram of a conventional laser 

beam scanning apparatus; 

Fig 2 is a block diagram of a laser beam scannmg 
apparatus according to the invention. 
Rg 3 is a flow chart of a f irst embodiment of a laser 
control method according to the invention; 
Fias 4A and 4B are diagrams of laser beam intensity 
profiles verses radius of the laser beam to explain 
differing dot sizes; . Q 

Fig 5 is a flow chart of a-second embodiment of a 
laser control method according to the invention; and 
Fig.6 is a diagram of a thin film construction of a sur- 
face emitting laser. 

Embodiments of the invention are discussed below 
with reference to figures 1-6. However, those skilled in 

tory purposes as the invention extends beyond these lim- 
ited embodiments. 

F.g.1 is aschematicdiagramof a ta^own teserbeam 

scanring unit. The laser beam scanning unit 2 includes 

:Sem*tingsernlc^^ 

plurality of Bght emitting lasers 6 «^^°^" y ^ 

Sosed thereon. The intensity of the ^r bearnspco_ 

unH 8. User beams emitted from the lasers 6 are «*- 
nSed by a collimator lens 10 to produce laser beams 
with a predetermined beam diameter. The ^ beams 

io dlected*n*,oh*n^^ 

bearing member 16. The laser beams striking the image 

bearing member 16 form spots 18 along scan lines 20 

pStuc^d by rotating the polygon 

Selails on the laser beam scanning unj ^ownhFJ^ 
ss are described In European Patent PubT.cat.on 0544002 

A1 ' Thedevelopmemdsurfaceernittinglasershasfacil- 
Hated the practicality of using a laser beam scaring 
S^thTn array of lasers such as illustrated .nF.g.1. 
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-r^„ H-,«.mltv however, with printing with an array oi 
ZJTZ a pr^ device is 
Ss and other defects which may occur dunng the 
owning ef an image when of £ lasers 
SS.unc.on in a unKorm « * — ^Si 



56 -me photodetection unit 33 shown in FIG. 2 is «em- 
P^dadevice which per^ 

has^nobservedthatevenwhentheasers^efor^ SX^^uce the desired srx^ on the .n^gebea^- 

eSiSTesistance of these lasers differ, then dmng 

eieOTlcaJ .„ iiinmrtiirmEDOtSWhlCh 



on a sing e substrate, mo ^ 
n^n aoolied voltage can differ by as much as 50%. Not 

^^gequalrtytosuffer.^epr^^n 
overcomes this problem associated wrth pn« ■ 
monitoring the intensity output from eachofthe tasers 
SSSlNi information to make adiustrn^ to the 
□riving voltage being applied to individual lasers. 

^.aisabk^ diagram ofalaserb^scanr^ 

^nrTna aDoaratus 30 includes an array of surface ermt- 
Se^SsTsa. Each laser 32 within the array .s 

33 provides intensity «ee*ack i^^^A^. 
srWtfthelasertjeambeingprodua^ 
Slt^Tne^mat^^^ 

Seachoftheirxli^uallasers32isdescribed l nmore , 

fei F bea% scanning ^ - ^ 
includes a surface emitting laser (SEL) controller 34 
Spates to discretely control the ^ 
£ The SEL controller 34 receives real-time .ntensrty 
feedback information Irom the 
Sedated with each of the lasers 32 « www 3£ The 

^TdetSe^physical differences. The physical 
^encWof the array of lasers Include, for example. 
vSST^Srlca. resistance. laser aper^e 
variations, responsiveness * ««^*^ 4 ^ 
formance of Bragg reflectors. The SEL controller 34pn> 
SSs SEL contS signals 42 for the. array -d tasers 32 
in^ccordance with the image irrfonrat»n38. theUrteo- 
^^XTinformation and perhaps Mormafcon from 

3oiTF^.2isde S cribedinmoredetailbe to ww rt h 

SEL control method 50 according to the Inventor.. The 

■iTr^nn 38 The image Information 38 details the 
S^^camed or printed. Thereafter, certain of 

Sm^nla. Asthelasers 32 are being driven 54 out- 
p^^itydatafromea*ofthe te sers32ismomtored 



r« 



vottTe supplied to the f irst and second lasere such tha 
iJSrSSSte less efficient (responsive) is dnvan at 
rgrtt^ge than the laser wNchfer^e eff«enL 
zs llrdingl, this e^rnen^nsures ^ 

Sgltmation.rega^^^^ , 
mental differences between the * *^ adius A 
_ -n,- diaorams of laser beam profiles verses raoius 

intensity are known and can be storea agra* 
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memory of a printer or other laser beam scanning appa^ 
^Hs image information (e.g.. grayscale data) is led 
So the scanning apparatus (printer), the value for each 
oixel can be converted to laser intensrty usrng a table. 
T^en. during scanning (or printing), the driving voltages s 
tor the lasers can be adjusted so that the Wer^olthe 
lasers matches the intensity required to produce the spot 
of the size desired. This technique is advantageous over 
conventional binary fl^ayscale ima^techn^ejg 
error diffusion, dither and super poring. J" " 

gray scale value • not spread over adjacent ****** 
controlled accurately at each pixel to maintain .mage 
sharpness. 

FIG 5 is a flow chart of a second embodiment of a 
laser control method according to the invention. In this is 
embodiment, the adjusting is done in two stages. In a 
f irst stage, the lasers are calibrated against one another 

be^een the lasers. Typically, this M „ 
performed at the factory. Then, in a second l^the 20 
lasers are moritored and adjusted in real-time to com- 
oensate tor an other nonuniformrties. 

TOe laser control method 64 begins by recervmg 66 
the image information 38. A factory calibration would 
aTeaX have been performed. Hence, before scanning 25 

the JZ control method 64 -uW have 
received 68 calibration information for each of the lasers 
32 Thecalibrationinformatiwiqua^trr.estherelationsh.p 
between cfrrving-votege and resulting intensity for each 
oTme,asersTnce.^ 30 
to a drive voltage-to-intensity profile for each of the 
lasers. As an example, the calibration irtformatior > could 
be obtained by driving all the lasers 32 with a predeter- 
mined fixed voltage and then recording the jresuftng 
density values using the photodetection unrts 33^The 35 
nuSof points of compare 
over the operating intensity range of the lasers 32 will 
depend on how linear the relationship between output 
intensity and applied voltage are. In any case, the call- 
bTa^n Wc<mSn can be stored in the calibration table « 
40 as shown in FIG. 2. _ . n 

Next the SEL controller 34 determines 70 a driving 
energy value needed for each of the lasers to produce 
thediredinformation. These drrving^y values are 
determined 70 based on the image information 38. the 
calibration information, and the known phctoresponse 
characteristics of the image bearing mennber.Thejmage 
information 38 and the photoresponse ^^f* 
the image bearing member are used to determine the 
rensityofthespottobeproducedbyalaseratagjven so 
ooint of time. The calibration Information Is then used to 
dlterminethedrrvingvdtagem 
srtv needed. Hence, by using the calibration Information. 

In a different, although consistent, manner so that the 55 
laser-to-laser intensity or resulting spot sae would be 
adjusted to compensate for physical drfferences in the 
output efficiency of the lasers 32. 



Further, as the lasers 32 are being driven by the 
dete^ned driving energy values, the SEL confer 34 
mtrtors 72 the output intensity data from each id the 
ELrs 32 in real-time. Using this real-time • ou^rtjn- 
Sy data, the SEL controller 34 adjusts 74 the drmng 
Serg? values being supplied to each of the Iasers32 to 
L Stent necessary so as to compensate orenwon- 
mental. operational or physical — rm^ An 
sample of a environmental nonunrfornrrty « 
Snoerature which can have an effect on the tntensrty of 
ftetaser beams produced for a given driving voltage. An 
^fe Tan operational nonuniform^* relate 
Speratur e of the various lasers, laser which have been 

Sen printing intermittentiy. An other vanab.es being 
ejal. a hot laser will produce .different .ntensjyo^ 
ftan will a cold laser. This differing output resutts 
because temperature variations impact the spectral 
a^ment Xactive and Bragg layers, and became 
*e active layers are semiconductor layers which have a 
SSTir^ to temperature. Although t^more 
substantial physical drfferences are compensated tor by 
Scalibraton stage, operational variations or nonun, - 
tormities are also compensated for. 
tiona. nonuniformrties include, for example, pnnt duty 
cy^e. laser temperature, ambient temperature andthe 
^Preferably, but not necessarily, these operational 
variations are compensated cn a per laserbasis since 
fre print duty cycle and laser temperature of each lase 
VSSSSSt. Print duty cycle relates to theamount 
I printing done by a laser just prior to the currentj p£ 
ing The more an individual laser is on for pnnt^e 
Jotter it gets and. generally, the lower its power output 
FIG 6 is a cross-section of a thin film constructs 
of a surface emitting laser 32. The surface j££ 
32isdes.gned to emitlightatawavelength of Mn where 
mode m is an integer. The laser 32 cor^s^anactwe 
(photon generation) region 80 ^J"r*££ 
Bragg reflectors 84 and 86. The Bragg f fJ^J**™. 
sTconsist of layers 85 and 87 of p^toped and rwloped 
mltortel respectively, to form a P-N junction across the 
Sreg^The Bragg reflectors S4 and 86 are a 
ptn«*c^K*ure of thin ^^ U «?"*^- 
ttms with alternating refractive indices. Ea* o^ e lay 
ere8 5and87haveancptk*ltW^ 
reaion 80 is deposited central to an optical cavrty82 hav- 
SCcaSess *. The cavity BbeoreMki 
amatively high or low refraebve indaKjraten^ 
compared to the abutting layers of Bragg reflectors 84 

81X1 ught generated by the active region 80 is fleeted 
bv the various layers 85 and 87 of the Bragg reflectors 
£ ^ so J most of thenght Is ^ 
the cavity 82. Wave interference wrthin 
reduces the light to standing waves of wavelength X/m. 
B?dSlng Bragg reflectors 84 and 86 to bj ^some- 
what less than totally reflective. cohererrt^rrtCdwave- 
3h x/m is emitted perpendicular to the plane of the 
^ers. By proper selection of layer matenals and 
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thicknesses, the emission of the laser can be recced to 
jTSUodes 90 and 92 are used toele^ncalry stmu^- 

K'acinn the electrode 92 with respect to electrode 90. 

SdScTed in FK3 6. Typically. the forvvardbas** un* 
SSoCvoltagesourcewrthitsposit^e^entelcon- 
Scted to electrode 92 and its negative potental con- »s 

PISTES*-* 

electrode 96 is reversed biased with respect to dectrode 
i>hfe reverse biasing is provided by a reverse b.astng 
!nhi00 which is also depicted in FIG. 6. Th. reverse » 
bfcsina unit 100 may be a DC voltage sourcewrth rtspos- 

potentaJ connected to electrode 96. By reverse bosng 

duced between the electrode 96 and ™ 
small photocurrent is produced by a portond ^the 
Lht oroduced by the active region 80 which, due to 
5£SS?S3i laterally in the cavity 82 instead* 

reduced For example, the photocurrent detector 98 

rent to a voltage. Experimentation has * J 3 

reverse biasing circuitry is essentially or roughly, hearty 
reTaS to the intensity of the light C be,ng emrtted 

includes part of the laser 32 User! (a current aenerafcng 
Son wTrtch produces the photocurrent thans rd^ 
STe intensrry) and additic^l.y the ^^rrern 
detecting portion) coupled to electrode 96. namely the 
pScurreTdetector 98 and the reverse basing , unrt 
ITZ^U all parts of the photodetecton ur* 33are 
closely coupled to the laser, oniy the current Qen^atng 
^onofTe photodetection unit 33 need be .ntegral 

EiSUv SEL structure consists of 30.5 pairs 
of al^T/oSU and AlAs fcyers epj^aUygrown 
by moiecula? beam epitaxy on a ^ G ^ ^ t0 
form the inner bragg reflector 86 The act layerSOfe 
next deposited and comprises three to ^ 
wells ofetther AlGaAs or GaAs. N^. 20 A^aAs 
and AlAs layers to form the outer Bragg rrfl ^ r ™ 
aKrnrfng AIGaAs and AlAs layers are constructed^ a 
S?2art period super lattice to 
distance and band offset ^J^SJSSS- 
asiswenknownintheart A region 93 of the Bragg reflec 



tor 84 directly below the metalized portion 
lode 92 is proton bombarded to corrtr.e current and 
generation to the region of the apertore 
of the laser 32. The electrode 92 is a nng p-type ™™* 
rneufized electrode which is deposrted on the outer 
Braog reflector 84. and the electrode 90 is an n^ype cen- 
tralized electrode placed onthebackof the n-type 
GaAs substrate 88. 

There are many other ways to construct a surface 

me design shown in Rg.6. Tne ,nvent.on .s «Jy »^ 
by the scope of the attached claims. Such^dtona. 
or^marJies are descrbed in a commonly owned u.b. 

SoDEWITH SURFACE EMITTING LASErVfied .con- 
currently herewith, and which is hereby incorporated by 
reference. 



Claims 

1 AmethaJforrxoducingspoteoiacontroUedsizeon 
an image bearing medium in a laser-based image 
forming apparatus having an array of lasers, said 
method comprising: 

(a) receiving image information indicating an 
image to be scanned onto an image beanng 

(b) drMnga plurality of the lasers in accordance 
with the image information [54]; 

(c) obtaining output intensity feedback informa- 
tion by monitoring an intensity output from each 
of the plurality of the lasers 156]; 

(d) adjusting the driving energy values of the 
plurality of lasers in accordance with the output 
intensity feedback information [58]; and 

(e) scanning the array of calibrated lasers onto 
the image bearing member to produce spots of 
a controlled size. 

° 2. A method as recited in claim 1. wherein said adjust- 
ing (d) comprises: 

(d1) determining a desired intensit) r output 
K value for at least one of the plurality of lasers 

based on the image information and photore- 
sponse characteristics of the image beanng 

lo^cornparing the desired intensity output 
value for the least one of the.plurality of lasers 
with the monitored intensity output for the par- 
ticular laser; and 

<d3) adjusting the driving energy value for the at 
least one of the plurality of lasers based on said 
ss comparing (d2). 

3. a method as recited in claim 2. wherein said adjust- 
ing (d3) comprises: 

increasing the driving energy value for the at 



PrinTid from Mimosa 00?08723 - TToTbTPage: 5 



EP 0 710 005 A2 



least one of the plurality of lasers if the monitored 
intensity output is substantially below the desired 
intensity output; and 

decreasing the driving energy value for the at 
least one of the plurality of lasers if the monitored 5 
intensity output is substantially greater than the 
desired intensity output. 

4 A method for calibrating an array of lasers for an 
image forming apparatus, said method compnsmg: 10 

(a) monitoring a plurality of the lasers using pho- 
todetector units to produce output intensity 
data; 

(b) comparing the output intensity data from « 
each of the plurality of lasers with the rest of the 
plurality of lasers, said comparing producing 
comparison information; and 

(c) calibrating the plurality of the lasers with one 
another in accordance with the comparison so 
information. 

5 A method as recited in claim 4, wherein said method 
further produces spots of a controlled size on an 
image bearing medium in the image forming appa- 25 

r3tUS ' wherein said calibrating (c) produces calibra- 
tion information, and 

wherein said method further composes: ^ 

(d) receiving Image information indicating an 
image to be scanned onto the image bearing 
member; and 

(e) thereafter driving the plurality of the lasers 

in accordance with the image information and 3i 
the calibration information. 

6. A method as recited in claim 5, wherein said method 
further comprises: ^ 

(f) obtaining output Intensity feedback informa- 
tion by monitoring an intensity output from each 
of the plurality of the lasers; 

(g) adjusting the driving energy values of the 
plurality of lasers in accordance with the output < 
intensity feedback information; and 

(h) scanning the array of calibrated lasers onto 
the image bearing member to produce spots of 
a controlled size. 

7. A method as recited in claim 6, wherein said adjust- 
ing (g) comprises: 

Increasing the driving energy value for the 
least one of the plurality of lasers H the monitored 
intensity output Is substantially below the desired 
intensity output; and 

decreasing the driving energy value for the 
least one of the plurality of lasers "if the monitored 



intensity output is substantially greater than the 
desired intensity output 

8 An image forming apparatus, comprising: 

an image bearing member for forming an 
image thereon, said Image bearing member having 
photoresponse characteristics: 

an array of surface emitting lasers [32] for pro- 
ducing fight beams, each of the lasers producing a 
fight beam; 

monitoring means for monitoring intensity of 
each of the laser beams being produced by said 
array of lasers [32] to produce a feedback intensity 
value for each of the laser beams; 

a dot size control unit tor controlling the size 
of the dots produced by each of the lasers P2] by 
driving the lasers [32] in accordance with the feed- 
back intensity value associated therewith; and 

a seaming system disposed to utilize the light 
beams to produce a plurality of scan fines on the sur- 
face of said image bearing member. 

9. An image forming apparatus as recited in claim 8. 
wherein said dot size control unit comprises: 

means for receiving image information indi- 
cating an image to scanned; 

means for receiving the feedback Intensity 
values for the laser beams produced by driving the 
lasers; and 

means for adjusting the driving energy values 
of the lasers in accordance with the image informa- 
tion and the associated feedback intensity values. 

10. An Image forming apparatus as recited in claims. 
s wherein said dot size control unit comprises calibra- 
tion means tor calibrating the size of the dots pro- 
duced by each of the lasers m accordance with the 
feedback intensity values. 
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FIG. 4B 
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RECEIVE IMAGE INFORMATION 


^66 








RECEIVE CALIBRATION INFORMATION 
FOR EACH OF THE LASERS 











DETERMINE DRIVING ENERGY VALUES 
FOR EACH OF THE LASERS BASED ON 
THE IMAGE- INFORMATION AND THE 
CALIBRATION INFORMATION ^^^^ 



•70 



MONITOR OUTPUT INTENSITY DATA 
FROM EACH OF THE LASERS 




ADJUST THE DRIVING ENERGY VALUES 
OF EACH OF THE LASERS TO THE 
EXTENT NECESSARY BASED ON THE 
MONITORED OUTPUT INTENSITY DATA 



FIG. 5 
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